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Table 2. Test Matrix for the icing runs at an ice accretion time of 1 0 minutes 


































































































































































































































Run Number 

Sweep Angle 

Velocity 

(mph) 

Temperature 

<°F) 

LWC 

(g'lri 3 ) 

MVD 

(Mm) 

Ice Accretion 
Time 
(min) 

Critical 

Distance 

(mm) 


15 

150 

25 

0.75 

20 

2 

10.1 


15 

200 

25" 

0.75 

20 

10 

6.8 

062196.06 

15 

250 

25 

0.75 

20 

10 

4 

062096.01 

30 

150 

25 

0.75 

20 

2 

6 

062196.01 

30 

200 

25 

0.75 

20 

10 

2 

062196.02 

30 

250 

25 

0.75 

20 

10 

0 


45 

100 

25 

0.75 

20 

10 

0 


45 1 

150 

25 

0.75 

20 

2 

0 

062196.04 

45 | 

250 

25 

0.75 

20 

10 
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Table 3. Values of the critical distance measured when the old spray system was still installed in the IRT 


Run Number 

Sweep Angle 

Velocity 

(mph) 

Temperature 

(°F) 

LWC 

(g/m 3 ) 



■ 

101398.01 

15 

150 

25 

0.75 

20 

2 


101398.02 

15 

200 

25 

0.75 

20 

10 

EH 

101398.03 

15 

250 

25 

0.75 

20 

10 

KBREm 

101398.04 

30 

150 

25 

0.75 

20 

2 

MZKSM 

101398.05 

30 

200 

25 

0.75 

20 

10 

2.5 (2.5) 


30 

250 

25 

0.75 

20 

10 

0 

101398.07 

45 

100 

25 

0.75 

20 

10 

0 

101398.08 

45 

150 

25 

0.75 

20 

2 

0 

101398.09 

45 

250 

25 

0.75 

20 

10 
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Table 4. Values of the critical distance measured after a new spray system was installed in the IRT . 
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Figure 4. Front view of ice accretion at 2 
minutes, showing the attachment line zone and 
the glaze ice feathers zone. Run conducted 
with 1998 spray system. A=15°, V=150 mph, 
T=25°F. LWC=0.75g/m 3 , MVD=20nm, x=2min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 



Figure 6. Front view of ice accretion. Run 
conducted with 1998 spray system. A=15°, 
V=200 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20pm, t=10min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters 
and inches. 



Figure 5. Front view of ice accretion at 2 
minutes, showing the attachment line zone and 
the glaze ice feathers zone. Run conducted 
with 1996 spray system. A=15°, V=150 mph, 


T=25°F, LWC=0.75g/m 3 , MVD=20pLm, x=2min. 
Direction of flow is from bottom to top, scale of 
ruler is in inches. 



Figure 7. Front view of ice accretion. Run 
conducted with 1996 spray system. A=15°, 
V=200 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20pm, t=10min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters, 
smallest division 1 millimeter. 
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Figure 8. Front view of ice accretion. Run 
conducted with 1998 spray system. A=30°, 
V=200 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20|xm, x=10min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters 
and inches. 



Figure 10. Front view of ice accretion. Run 
conducted with 1998 spray system. A=45°, 
V=250 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20jim, x=10min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters 
and inches. 


Figure 9. Front view of ice accretion. Run 
conducted with 1996 spray system. A=30°, 
V=200 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20pm, x=10min. Direction of flow is from 
bottom to top, scale of ruler is in inches. 



Figure 11. Front view of ice accretion. Run 
conducted with 1996 spray system. A=45°, 
V=250 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20p.m, t=10min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters, 
smallest division 1 millimeter. 
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Figure 12. Change in critical distance with 
sweep angle at a velocity of 75 mph. A=0° to 
45° at 5° increments, V=75 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20p.m, x=5min. 



Figure 13. Front view of ice accretion, 
showing the attachment line zone and the 
glaze ice feathers zone at A=0°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=20^m, x=10min. 
Scale of ruler is in centimeters, smallest 
division 1 millimeter 



Figure 14. Side view of the glaze ice feathers 
zone showing the individual feathers with a 
preferred direction of growth. A=0°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=20*im, x=10min. 
Scale of ruler is in centimeters, smallest 
division 1 millimeter. 



Figure 15. Front view of ice accretion showing 
the attachment line zone and the glaze ice 
feathers zone at A=30°, V=75 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20[im, x=5min. Direction 
of flow is from bottom to top, scale of ruler is in 
centimeters, smallest division 1 millimeter. 
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Figure 16. Side view of the ice accretion 
showing the glaze ice feathers zone at A=30°, 
V=75 mph, T=25°F, LWC=0.8g/m 3 , 

MVD=20jim, x=5min. Direction of flow is from 
left to right, scale of ruler is in centimeters, 
smallest division 1 millimeter. 


Figure 17. Front view of the ice accretion 
showing the top part of large feathers along the 
attachment line area. A=35°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=20pm, x=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 



Figure 18. Side view of the ice accretion 
showing the glaze ice feathera zone and the 
top part of large feathers along the attachment 
line area. A=35°, V=75 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20pm, x=5min. Direction 
of flow is from left to right, scale of ruler is in 
centimeters, smallest division 1 millimeter. 


Figure 19. Front view of ice accretion showing 
the top of large feathers along the attachment 
line area. A=40°, V=75 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20pm, t=5min. Direction 
of flow is from bottom to top, scale of ruler is in 
centimeters, smallest division is 1 millimeter. 
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Figure 20. Side view of the ice accretion 
showing the top of large feathers along the 
attachment line area. A=40°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=20^m, x=5min. 
Direction of flow is from left to right, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 


Figure 21. Side view of the ice accretion 
showing the top of large feathers along the 
attachment line area. A=45°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=2(Vm, t=5min. 
Direction of flow is from left to right, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 



Figure 22. Front view of the ice accretion 
showing the attachment line zone, and the 
glaze ice feathers zone. The orientation of the 
preferred direction of growth of the feathers 
can be observed. A=10°, V=75 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20^m, x=10min. 

Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 


Figure 23. Front view of the ice accretion 
showing the orientation of the preferred 
direction of growth of the feathers. A=15°, 
V=75 mph, T=25°F, LWC=0.8g/m 3 , 

MVD=20jxm, x=10min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters, 
smallest division 1 millimeter. 
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Figure 24. Front view of ice accretion showing 
the orientation of the preferred direction of 
growth of the feathers. A=20°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=20nm, T=10min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters and inches. 



Figure 25. Front view of ice accretion showing 
the feathers forming scallop tips. A=30°, V=75 
mph, T=25°F, LWC=0.8g/m 3 , MVD=20nm, 
x=10min. Direction of flow is from bottom to 
top, scale of ruler is in centimeters, smallest 
division 1 millimeter. 



Sweep Angle 


Figure 26. Change in critical distance with 
sweep angle at a velocity of 100 mph. A=0° to 
45° at 5° increments, V=100 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20^im, x=5min. 



Figure 27. Front view of the ice accretion 
showing the attachment line zone and the 
glaze ice feathers zone. A=0°, V=100 mph, 
T=25°F, LWC=0.75g/m 3 , MVD=20nm, x=5min. 
Scale of ruler is in centimeters, smallest 
division 1 millimeter. 
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Figure 28. Side view of ice accretion showing 
individual feathers in the glaze ice feathers 
zone. A=0°, V=100 mph, T=25°F, 

LWC=0.75g/m 3 , MVD=20pm, x=5min. Scale of 
ruler is in centimeters, smallest division 
1 millimeter. 



Figure 29. Front view of ice accretion showing 
the attachment line zone and the glaze ice 
feathers zone. A=25°, V=100 mph, T=25°F, 
LWC=0.75g/m 3 , MVD=20jam, t=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 
1 millimeter. 



Figure 30. Side view of ice accretion showing 
the feathers in the glaze ice feathers zone. 
A=25°. V=100 mph, T=25°F, LWC=0.75g/m 3 , 
MVD=20*im, x=5min. Direction of flow is from 
left to right, scale of ruler is in centimeters, 
smallest division 1 millimeter. 


Figure 31. Side view of the ice accretion 
showing the top of large feathers along the 
attachment line area. A=35°, V=100 mph, 
T=25°F, LWC=0.75g/m 3 , MVD=20^m, x=5min. 
Direction of flow is from left to right, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 
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Figure 32. Side view of ice accretion showing 
large feathers along the attachment line area. 
A=40°, V=100 mph, T=25°F, LWC=0.75g/m 3 , 
MVD=20^m, t=5min. Direction of flow is from 
left to right, scale of ruler is in centimeters, 
smallest division 1 millimeter. 




Figure 34. Front view of ice accretion showing 
the ice of the attachment line zone covering 
most of the feathers in the glaze ice feathers 
zone. A-15°, V=100 mph, T=25°F, 

LWC=0.75g/m 3 , MVD=20pm, T=10min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter 


Figure 33. Complete scallop at A=45°, V=100 
mph, T=25°F, LWC=0.75g/m 3 , MVD=20nm, 
T=5min. Direction of flow is from bottom to top, 
scale of ruler is in centimeters, smallest 
division 1 millimeter. 



Figure 35. Side view of ice accretion showing 
the feathers in the glaze ice feathers zone. 
A=15°, V=100 mph, T=25°F, LWC=0.75g/m 3 , 
MVD=20jim, x=tOmin. Direction of flow is from 
bottom to top, scale of ruler is in centimeters, 
smallest division 1 millimeter. 
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Figure 36. Front view of ice accretion showing 
the formation of scallop tips. A=25°, V=100 
mph, T=25°F, LWC=0.75g/m 3 , MVD=20pm, 
T=10min. Direction of flow is from bottom to 
top, scale of ruler is in centimeters, smallest 
division 1 millimeter. 



Sweep Angle 


Figure 37. Change in critical distance with 
sweep angle at a velocity of 150 mph. A=0° to 
45° at 5° increments, V=150 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20p.m, x=5min. 
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Figure 38. Pencil tracings of the ice shapes for sweep angles of 0°, 20°, and 40°, at velocities of 100 and 150 mph. 
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Figure 39. Front view of ice accretion showing 
the attachment line zone and the glaze ice 
feathers zone. A=0°, V=150 mph, T=25°F, 
LWC=0.75g/m 3 , MVD=20^m, x=5min. Scale of 
ruler is in centimeters, smallest division 1 
millimeter. 


Figure 40. Side view of the ice accretion 
showing the ice of the attachment line zone 
covering the feathers in the glaze ice feathers 
zone. A=0°, V=150 mph, T=25°F, 

LWC=0.75g/m 3 ) MVD=20pm, x=5min. Scale of 
ruler is in centimeters, smallest division 1 
millimeter. 



Figure 41. Front view of ice accretion showing 
the attachment line zone and the glaze ice 
feathers zone, with the feathers not forming 
scallop tips. A=10°, V=150 mph, T=25°F, 
LWC=0.75g/m 3 . MVD=20pm, x=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 

millimfttftr 



Figure 42. Side view of ice accretion showing 
the ice of the attachment line zone covering 
the feathers. A=10°, V=150 mph, T=25°F, 
LWC=0.75g/m 3 , MVD=20nm, T=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 
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Figure 43. Front view of ice accretion showing 
the formation of scallop tips. A=25°, V=150 
mph, T=25°F, LWC=0.75g/m 3 , MVD=20pm, 
t=5min. Direction of flow is from bottom to top, 
scale of ruler is in centimeters, smallest 
division 1 millimeter. 



Figure 44. Side view of the ice accretion 
showing the feathers in the glaze ice feathers 
zone forming scallop tips. A=25°, V=150 mph, 
T=25°F, LWC=0.75g/m 3 , MVD=20nm, t=5min. 
Direction of flow is from bottom to top, upper 
scale of ruler is in centimeters, smallest 
division 1 millimeter. 



Figure 45. Front view of ice accretion showing 
scallop tips and the attachment line zone. 
A=35°, V=150 mph, T=25°F, LWC=0.75g/m 3 , 
MVD=20|im, x=5min. Direction of flow is from 
bottom to top, scale of ruler is in centimeters, 
smallest division 1 millimeter. 



Figure 46. Complete scallop at A=40°, V=150 
mph, T=25°F, LWC=0.75g/m 3 , MVD=20^m, 
x=5min. Direction of flow is from bottom to top, 
scale of ruler is in centimeters, smallest 
division 1 millimeter. 
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Figure 47. Change in critical distance with 
sweep angle at a veiocity of 200 mph. A=0° to 
45° at 5° increments, V=2Q0 mph, T=25°F, 
LWC=0.8g/m 3 , MVD=20p.rn, t=5min. 



Figure 48. Front view of ice accretion showing 
the attachment line zone and the glaze ice 
feathers zone. A=0°, V=200 mph, T=25°F, 
LWC=0.75g/m 3 , MVD=20jim, x=5min. Scale of 
ruler is in centimeters, smallest division 1 
millimeter. 



Figure 49. Side view of ice accretion showing 
the ice of the attachment line zone covering the 
feathers in the glaze ice feathers zone. A=0°, 
V=200 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20pm, t=5min. Scale of ruler is in 
centimeters, smallest division 1 millimeter. 



Figure 50. Front view of ice accretion showing 
the ice of the attachment line zone covering the 
glaze ice feathers zone. A=10°, V=200 mph, 
T=25°F, LWC=0.75g/m 3 , MVD=20pm, t=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 
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Figure 51. Side view of ice accretion showing 
the ice of the attachment line zone completely 
covering the feathers in the glaze ice fathers 
zone. A=10°, V=200 mph, T=25 F, 

LWC=0.75g/m 3 , MVD=20um, t=5m.rv 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 
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B| aU re 53. Front view of ice accretion showing 
complete scallops. A=40°, V=200 mph, 

T = 25°F LWC=0.75g/m 3 , MVD=20u.m, T=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 


Flaure 52. Front view of ice accretion 
showing scallop tips. A=35°, V=200 mph, 
t _25°f, LWC=0.75g/m , MVD=20nm, x-5min_ 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 








Figure 54. Complete scallops at A-45^ 
V=200 mph, T=25°F, LWC=0.75g/m , 

MVD=20um, x=5min. Direction of flow is from 
bottom to top. upper scale of ruler is in 
centimeters, smallest division 1 millimeter. 
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ngure do. onange in critical distance with 
sweep angle for velocities of 75, 100 150 and 
“O'S* A=0 ° t° 45° at 5° increments, 

T=25°F, LWC=0,8g/m 3 , MVD=20nm, t=5min. 
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Figure 57. Front view of the beginning of the 
end cap showing the effect of the local sweep 
angle on the ice accretion. A=20°, V=150 mph, 
T=25°F, LWC=0.5g/m 3 , MVD=20^an, x=5min. 
Direction of flow is from bottom to top, scale of 
ruler is in centimeters, smallest division 1 
millimeter. 


Figure 58. Side view of the end cap showing 
scallop formations along its length. A=0°, 
V=150 mph, T=25°F, LWC=0.75g/m 3 , 

MVD=20jxm, x=5min. Direction of flow is from 
left to right, upper scale of ruler is in 
centimeters, smallest division 1 millimeter. The 
numbers on the grid painted on the airfoil are 
equal to 90° minus the local sweep angle at 
that location. The last red grid mark on the 
right corresponds to a local sweep angle of 
72.5 degrees. 



Figure 59. Side view of a single scallop at the 
end of the end cap. A=10°, V=75 mph, 
T=25°F, LWC=0.8g/m 3 , MVD=20Mm, t=10min. 
Direction of flow is from right to left, scale of 
ruler is in centimeters, smallest division is 1 
millimeter. 
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